Clinical characteristics and cognitive outcomes of monolinguals and bilinguals 
Introduction
Given the social burden of cognitive impairment due to cerebrovascular disease, 1 several studies have identified factors that influence cognitive outcome after stroke. 2 A potential protective factor not yet examined in this context is bilingualism. Recent research suggests that bilingualism is associated with better cognitive function in ageing, 3 and a later onset of dementia, including vascular dementia (VaD). 4 These findings are interpreted in the context of an advantage in executive control and enhanced cognitive reserve in bilinguals. 5 However this effect is confounded by immigration and education, and continues to be debated. 6 To explore this further, we studied the association between bilingualism and cognitive outcome of stroke. We hypothesised that if bilinguals differ from monolinguals in vascular risk factor profile, they would present with a later occurrence of stroke. In contrast, if bilinguals have indeed a better cognitive reserve, we would expect in them the same age of stroke but a more favourable cognitive outcome. Nizam's Institute of Medical Sciences (NIMS), Hyderabad is a clinical research centre well suited to explore this relationship. Stroke and dementia patients are assessed by the same team. 7, 8 Bilingualism is common, without the confounding effect of immigration, and has been systematically studied.
4

Methods
Patients
The patients were participants in the NIMS stroke registry, initiated to study clinical profile and outcome in consecutive cases of acute stroke. 7 Records of patients evaluated during
2006-2013 were reviewed. Ischemic stroke patients >18 years and evaluated 3-24 months after stroke, were included.
Patients with disabling stroke (modified Rankin Scale>4), severe comorbidities, inadequate data and pre-existing dementia were excluded. The NIMS ethics committee approved the study.
Clinical evaluation
All patients were evaluated with a detailed history and clinical evaluation by experienced behavioural neurologists, stroke specialists (SA, SK, RK) and trained psychologists using a structured diagnostic protocol adapted from the Cambridge Memory Clinc model. 
Statistical analysis
Clinical profiles of monolingual and bilingual subjects were compared using independent samples t test for continuous variables and chi-square test for categorical variables. Series of binary logistic regressions were conducted to investigate the effect of relevant variables (enter method in SPSS). Presence of cognitive impairment was the fixed factor for the logistic regression. Statistical analysis was performed using SPSS 20.0 for windows software (SPSS Inc., Chicago, IL) and significance was set at P<0.05. Bonferroni adjusted p values were followed to correct for multiple testing issues.
Results
Of the 608 patients, VaD was diagnosed in 189 (31.1%), VaMCI in 159 (26.2%), aphasia in 67 (11.0%); 193 (31.7%) were found to be normal. On comparing for post-stroke cognitive outcomes, a larger proportion of bilinguals had normal cognition while the reverse was noted in the stroke patients with cognitive impairment (Table 1 ). There were no differences in the outcome of aphasia between monolinguals and bilinguals. On excluding aphasics, bilinguals had higher scores on total ACE-R and across attention, fluency and visuospatial domains, but not on memory and language (Supplemental table-III, http://stroke.ahajournals.org).
To determine factors associated with post-stroke cognitive impairment, we compared patients with normal (n=193, 35.7%) and impaired cognition (n=348, 64.3%). Older age, lower educational and occupational status, monolingualism, and vascular risk factors were significant (P<0.003) following Bonferroni correction for multiple testing). To study whether bilingualism was independently associated with post-stroke cognitive impairment, we performed a series of logistic regressions. There was no colinearity effect among the factors. The first logistic regression incorporated demographic variables, the second included stroke-related variables and the third examined risk factors. Significant variables from the analyses were entered into a final logistic regression analysis.
Following a Bonferroni correction, bilingualism and age, were found to be significant independent predictors (Table 2) .
Discussion
This is the first study examining systematically the relationship between bilingualism and cognitive outcome after stroke. The percentage of patients with intact cognitive functions post-stroke was more than twice as high in bilinguals than in monolinguals. In contrast, patients with cognitive impairment were more common in monolinguals. In addition to other well established factors, 2 bilingualism emerged as an independent predictor of post-stroke cognitive impairment. Furthermore, no differences were found between bilinguals and monolinguals in vascular risk factors or in the age at stroke, suggesting that the observed differences are not due to a healthier lifestyle among bilinguals.
The only outcome not influenced by bilingualism was the frequency of aphasia. Although this might look surprising at the first sight, this finding is in line with current research suggesting that the mechanism underlying the protective effect of bilingualism is due not to better linguistic but executive functions acquired through a lifelong practice of language switching. 6 The higher scores of bilinguals on attention and fluency domains, with no difference in language sub-score, support this hypothesis. To conclude, our results suggest that bilingualism has a protective effect against the development of post-stroke cognitive impairment.
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